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Abstract
Objectives
To investigate the prevalence, distribution, clinical significance and financial impact of blood
culture isolates of Coagulase-negative staphylococci (CoNS).
Design
Retrospective medical record review.
Methods
All patients with positive blood cultures for CoNS obtained between Jan.2008 and Apr. 2009
at Ohud Hospital, a referral hospital at Al Madinah Al Munawara, KSA
Results
Of 5263 blood cultures drawn from patients seen at Ohud Hospital,. 593 had positive
findings (11.3%). CoNS were isolated in 266 (5.05%) which represents 44.8% of the total
positive blood cultures during the study period. Of the 266 positive blood culture patients for
CoNS, only 185 medical were available for review. The blood culture contamination rate was
4.7% of the total blood cultures obtained. True bacteremia represented 8.1%. Resistance to
Oxacillin was high (75.9%). Vancomycin was used in 36.8% of the patients. 92.9% of the study
population was treated by multiple antibiotics. This resulted in additional cost of 3210.2
Saudi Riyals (SR) per patient.
Conclusion
CoNS are the major microbial contaminant of blood cultures. The most important factors in
reducing BC contamination are: strict adherence to the most effective sterile venipuncture
techniques by well trained health care workers. Clinical as well as laboratory criteria may
help distinguishing true bacteremia from contaminated blood cultures. There is a tendency
for clinicians to overuse antibiotics in patients with CoNS from blood cultures. However, as
is found in this the vast majority of CoNS are still encountered as contaminants. This should
be borne in mind and patients with isolates of CoNS from blood cultures should be carefully
evaluated before instituting therapy to avoid unnecessary use of antibiotics, especially
Vancomycin and the consequent increase of antibiotic resistance in hospitals.
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Introduction
Physicians and clinical microbiologistshave long appreciated that blood
cultures are perhaps one of the most
important laboratory tests to diagnose
serious infections.
In recent years, it has also become apparent
that contaminated (i.e., the presence of a
pathogen from outside the blood stream)
blood cultures are common, leading to
falsely positive test results'. Contaminated
blood cultures constitute as many as half or
more of all positive blood cultures in some
centers, are very costly to patients and the
health care system-, and are confusing for
clinicians", Faced with a positive blood
culture result, clinicians must determine
whether the organism represents a clinically
significant infection associated with great
risk of morbidity and mortality or a false-
positive result of no clinical significance.
Clinical and microbiologic guidelines for the
differentiation of true bacteremia from
pseudobacteremia or contamination have
been publishedvt-. Suggested laboratory
criteria for true bacteremia include growth
within 48 h and multiple blood cultures
positive for the same organism. In contrast,
increased duration of time before positivity,
polymicrobial growth of skin organisms, or
growth during antibiotic treatment suggest
contamination. Others recommended that
the addition of clinical guidelines is essential
for the appropriate classification of
bacteremia"
Coagulase-negative staphylococci (CoNS),
the most frequent blood culture isolates, are
predominantly blood culture contaminants,
but they are also a significant cause of
bacteremia'. The vast majority of infections
(or diseases) assumed to be caused by CoNS
are a significant consequence of
hospitalization. Recent reports taken from
the National Nosocomial Infections
Surveillance System (NNIS) during the late
1980s and early 1990s have indicated that
CoNS are among the five most commonly
reported pathogens", This survey and others
revealed that CoNS accounted for 36, 51 and
38 percent of all blood stream isolates in
Medical, Neonatal and Pediatric Intensive
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Care Units respectively",
Patients at risk include those with prosthetic
devices, intravascular catheters and
immunocompromised hosts. CoNS also
account for significant morbidity and
mortality in patients with valve
endocarditis",
While target rates for contamination have
been set at 2 to 3%8, actual rates seem to
vary widely between institutions, from as
little as 0.6% to over 6%s.
The financial impact of blood culture
contamination has been described in a
number of studies->.
This study was carried out to investigate the
prevalence, distribution, clinical significance
and financial impact of blood culture
isolates of CoNS at Ohud Hospital of Al
Madinah Al Munawarah city.
Materials and Methods
This study was retrospective. It was
conducted at Ohud Hospital of Al Madinah
Al Munawarah, a 230-bed government
hospital over a period of sixteen months. A
total of 5263 Blood cultures from patients
seen at Ohud Hospital were processed by
the Microbiology Department. The medical
records of patients with positive blood
cultures for CoNS from January 2008 to
April 2009 were retrospectively reviewed.
The demographic and clinical data for
patients were collected including:
underlying diseases, hospital location,
relevant symptoms and signs related to
sepsis, vital signs, invasive procedures,
presence of intravenous catheters or
indwelling foreign devices, antimicrobial
therapy including duration and clinical
response to therapy, duration of stay in the
hospital, number of blood cultures taken for
each patient, duration to incubation to
detect bacterial growth (duration to blood
culture positivity), date of blood culture
sampling in relation to admission date and
results of other sites culture specimens.
Nosocomial infection was defined as an
infection that occurred more than 48 h
following admission, an infection that
occurred less than 48 h following admission
to the hospital in those who had been
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hospitalized within 2 weeks prior to this
admission, or an infection that occurred
more than 48 h following admission in those
who had been transferred from another
hospital or nursing homes,
On the basis of previous studies on
coagulase negative staphylococcus (CoNS)
1,4,10,11 clinical criteria for true bacteremia
were developed for this study. Patients were
assigned to one of two categories: significant
or true bacteremia and contamination.
Essential clinical criteria for true bacteremia
included one or more of the following':
persistent temperature of ~38°C or body
temperature below 36°C, hypotension
(BP<90mmHg), Leucocytosis or neutropenia
with left shift differential or disseminated
intravascular coagulopathy (DIC).In
addition major risk factors for potential
infection caused by skin flora was required
which included: long term intravascular
catheterization (mainly used in critical care
units) and immunocompromised patients
with central lines.
Laboratory criteria for classification of true
bacteremia included: patients with the same
bacteria isolated from at least two sets of
blood cultures, or patients with the same
species isolated in one set of the initial blood
cultures and additional blood cultures in the
presence of systemic inflammation reaction
syndromes. Patients who were receiving
antibiotics therapy prior or during blood
culture sampling were excluded from the
study.
Blood cultures were considered to be
contaminated in patients who: (i)
experienced an insignificant episode and
were without significant risk factors; (ii) had
significant risk factors but were shown by
prior or subsequent blood cultures to have a
septic episode with an unequivocal
pathogen; or (iii) had infectious or non-
infectious shock-like complications
associated with an inconsistent CoNS
etiology e.g. aspiration pneumonia or acute
respiratory distress syndrome.
Blood collection and processing
Blood was collected from peripheral veins,
and not from catheters, by nurses in each
department of the hospital. Two sets blood
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cultures were done, one bottle for aerobic
culture and the other for anaerobic culture
(BACTECTM standard and standard 10
respectively; Becton Dickinson and
company sparks MD 21152). Blood cultures
were inoculated using continuous
automated system (BACTEC 9240; Becton
Dickinson). The identification and antibiotic
susceptibility testing of the bacteria isolated
were performed using standard
microbiological procedures. In adult
Intensive Care Unit, approximately 3-5 ml of
blood per bottle was collected (6-10 ml in
total per culture) instead of the standard 6-8
ml of blood per culture bottle. Pre collection
skin antisepsis was done by application of
10% povidone iodine-saturated swabs
followed immediately by application of 70%
propyl alcohol (Damad company, Riyadh,
KSA); while in other areas of the hospital
only 1-3 ml of blood per bottle was collected
(total of 2-6 ml per culture) and only 70%
propyl alcohol was used for skin
preparation. In all departments of the
hospital, blood was extracted from
peripheral veins immediately after skin
preparation and not awaiting enough time
for proper skin disinfection. The needle
used to obtain the blood culture was
removed and a second sterile needle was
placed for inoculation of the blood culture
bottles.
Statistical analysis
The results were analyzed using the
Statistical Package for the Social Sciences for
Windows (Version 16.0; SPSS, Chicago, IL,
USA). For categorical data, proportions
were compared using the chi-squared test.
All tests of significance were 2-tailed. A p
value :5:0.05 was considered statistically
significant.
Results
Total of (5263) Blood cultures, from patients
seen at Ohud Hospital, were processed by
the Microbiology Department. 593 blood
cultures yielded bacterial growth (11.3%).
Coagulase-negative staphylococci (CoNS)
were isolated in 266 (5.05%) which
represents 44.8% of the total positive blood
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cultures during the study period. Of the 266
positive blood culture patients for CoNS,
only 185 medical records could be analyzed.
The rest of medical records were either lost
or discharged before results of blood
cultures. The average age was 25.6±28.9
years (range 1 day -90 years), females were
91(49.2%), whereas males were 94(50.8%).
According to the clinical classification, there
were 15 patients with significant bacteremia
(8.1%), 19 patients (10.2%) could not be
ascertained as having blood stream infection
(pseudobacteremia) and 151 patients with
contaminated blood cultures (81.6%). The
total contamination rate was calculated to be
4.7% of the total blood cultures performed
during the study period. Combination of
multiple antibiotics (ABX) was used to treat
patients with CoNS positive blood cultures.
CoNS resistance pattern to the different
ABX available at Ohud hospital during the
study period showed that only 24.1% of the
CoNS isolates were sensitive to oxacillin
(Table 1). Resistance pattern was high to
penicillin (99.24%), Ampicillin (98.87%),
Erythromycin (90.9%), Cotrimoxazole
(84.2%), Cephalothin & Gentamicin (79.7%),
Amoxicillin-Clavulanic acid (72.2%)
and Clindamycin (59.4%). Sensitivity was
100% to Vancomycin. Of the studied
patients, 93.5% received multiple antibiotics
therapy (173/185) for a period of 5.6±5.02
days (1041 days in general). Vancomycin, in
addition to other antibiotics, was used in
36.8% of the study population (68 patients).
It was used in all true bacteremia patients
(15 patients) as well as for 53 patients in the
group of contamination. Other frequently
used antibiotics were: Ceftriaxone was used
in 43 patients, Cefuroxime in 35 patients,
Imipenem in 11 patients,
Amoxicillin+Clavulanic acid in 21 patients,
cefotaxime in 24 patients ciprofloxacin in 21
patients, Clindamycin in 14 patients ,
metronidazole and Gentamicin in 24
patients and other antibiotic, in combination
to the above mentioned, in 27 patients
(Table 1). Prevalence of positive blood
cultures to CoNS was highest in the
intensive care units 31.9% (59/185),
followed by pediatric department 30.3%
(56/185), medical wards 21.1% (39/185),
surgical wards 11.4% (21/185). The lowest
prevalence was seen in Obstetrics
department 5.4% (10/185) (Table 2).
Tablel: Antibiotics susceptibility patterns of CoNS isolates of blood cultures and the
frequency of antibiotics used in 185 patients in Ohud Hospital
Antibiotic(ABX) Per cent sensitive Frequency ofABX used
Vancomycin
Oxacillin
Ampicillin
Penicillin
Azithromycin
Cotrimoxazole
Cephalothin
Gentamicin
Metronidazole
Amox-Clavulanic acid
Clindamycin
Ciprofloxacin
Ceftriaxone
Cefuroxime
Other antibiotics
100 68 patients (36.8%)
24.1
1.1 31 patients (16.7%)
0.8 8 patients (4.3%)
9.1 30 patients (16.2%)
15.8 0 patients
20.3 8 patients (4.3%)
20.1 24 patients (12.9%)
Not done 24 patients (12.9%)
17.8 21 patients (11.3%)
40.6 14 patients (7.6%)
Not done 24 patients (12.9%)
Not done 53 patients (28.6%)
Not done 39 patients (21.1%)
Not done 23 patients (12,4%)
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Group I 2 1 0 7 5 0 15
Group II 37 20 56 27 19 10 170
Total 39 21 56 35 24 10 185
Group I=True bacteremia Group II =pseudo bacteremia and contaminated blood cultures
The Total number of blood cultures was 285.
CoNS were isolated as a single isolate in 185
single blood culture bottles. Repeated blood
cultures were performed in 56 patients
(30.27%). Of these, 80 blood cultures yielded
no bacterial isolates, 9 mixed growths of
normal flora, 2 with growth of the same
bacteria (CoNS) and 9 had growth of other
microbial pathogens. Blood cultures were
repeated in all true bacteremia patients,
yielded growth of normal flora (including
CoNS) in seven patients, no bacterial
growth in another 35 patients and growth of
other pathogens in the remaining four
patients (Table 3).
Table 3: Organisms in repeated blood cultures of 56 patients
Category
Group I
Group II
Total
No growth
35
45
80
N. Flora
5
4
9
CoNS
2
o
2
Others
4
5
9
Total
46
54
100
Group I=True bacteremia Group II =pseudo bacteremia and contaminated blood cultures
Table 4: Comparison between the study population groups
25.6±28.9 32.9±34 24.9±28.4 0.222
M=94 (50.8%) M= 7 (3.8%) M= 87 (47.0%) 0.738
F= 91 (49.2%) F= 8 (4.3%) F= 83 (44.9%)
10.7±20.6 37±45.5 8.4±14.9 0.000
52.6±21.1 25.3±17.4 55.1±19.6 0.000
1.2±4.1 6.3±9.9 0.75±2.8 0.00
1.54±1.01 3.0±1.4 1.3±0.8 0.002
37.9±3.4 37.5±1.4 37.9±3.6 0.603
108/61 92/42 110/68 0.024
11.7±7.8 19.5±12.9 11.0±6.8 0.000
52.4±22.8 67.4±31.3 50.9±21.3 0.007
5.6±5.02 13.0±3.3 4.9±4.6 0.000
68 (36.8%) 15 (8.1%) 53 (28.7%)
Gender
Days in Hosp
Time to posit
Days to cult
No of B.C.
Temperature
B.P.
W.B.C.
N eutrophils
ABX duration
Vancomycin
Total patients
N(185)
Group I
N(15)
Group II
N(170)
Pvalue
Group I=True bacteremia Group II =pseudo bacteremia and contaminated blood cultures
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There was statistical difference between the
two groups regarding number of blood
cultures per patient (3.0±1.4 and 1.3±0.8
respectively), p value= 0.000. The date when
blood cultures were done in relation to date
of admission was 6.33±9.9 days in true
bacteremia patients whereas it was 0.75±2.8
days in the other groups. Of the 15 patients
with true bacteremia, six patients (40%) had
the infection five days or more after
admission to the hospital indicating
nosocomial infection, five of them were in
the Neonatal Intensive Care Unit (NICU).
There was no statistical differences in both
groups regarding age, gender and blood
pressure recorded (table 4). Body
temperature was recorded upon admission
to the hospital which showed no statistical
difference. The duration of stay in the
hospital was longer in the group of true
bacteremia than in the other groups
(13.0±3.3days and 4.9±4.6 days respectively).
The mean time to detect growth in blood
cultures was 52.66±21.05 which was
significantly different in both groups
(25.3±17.4 hours for true bacteremia and
55.08±19.6 hours for the other groups),
p=O.OOO. In 16 blood cultures (8.6%), CoNS
growth was detected within the first 24
hours of incubation, in 137 blood cultures
(74.05%) growth was detected after 48
hours, in 9.2% after 72 hours and in 15
patients (8.1%) growth was detected after 96
hours.
Discussion
The prevalence of positive blood cultures
observed in the present study is higher than
in other studiesS,12.13 . Several clinical studies
of blood stream infection have provided
guidelines for the differentiation between
true bacteremia and contamination->.
However, a gold standard for such
differentiation still does not exist", In this
study , the proposed clinical criteria for
diagnosing true bacteremia involved
number of blood cultures, time to detect
bacterial growth (time to positivity) and the
presence of systemic inflammatory signs as
well as indwelling intravascular catheters.
The author could not ascertain the clinical
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significance of 19 patients as they did not
meet the criteria.
Unlike other isolates e.g. Escherichia coli and
Staphylococcus aureus, which are encountered
often as pathogens, CoNS could be either
pathogens or contaminants when grown in
blood cultures. Furthermore, because of
their low virulence, they may not be
presented by sufficient inflammatory
response and thus a number of patients with
CoNS bloodstream infection may not have
typical clinical manifestations and
laboratory indices of infection", In addition
to standard criteria of infection, certain other
criteria have to be taken into account to
ascertain the significance of the isolate in
such a situation.
Although the number of blood culture sets
that grow a particular microorganism has
proven to be a very useful aid in
interpreting the clinical significance of
positive blood culture", however it should
be born in mind that it is not an absolute
indicator of infection". It should be used in
conjugation with other parameters as there
are a large number of CoNS strains which
needs advanced laboratory to be sure that
the multiple blood culture isolates are of the
same species. Antibiotic susceptibility may
be another available alternative in our
hospital. In the present study, repeated
blood cultures in true bacteremia patients
yielded growth of CoNS in 4.3% (2/46),
with similar antibiotype, which have
decreased the rate of blood culture
contamination. Another proposed method is
to determine the number of colonies in
blood cultures (quantitative analysis of
blood cultures)20.
The nature of the patients involved: CoNS
rarely cause septicemia in a healthy and
young adult, therefore other underlying
causes for such an infection should be
looked for. In this study, 60% of the patients
with true bacteremia were either the very
young (five premature neonates) or the very
old (four patients above 80 years of age) in
addition to two other patients with
malignancies (immunocompromised
patients) as well as one patient with chronic
renal failure.
Time to detect bacterial growth (time to
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positivity) may playa role in differentiating
true bacteremia from contaminants. Isolates
that grow within hours or within the first 24
hours of incubation are more likely to be
true pathogens in comparison to those
which grow late particularly after 48
hours!". In this study, time to positivity was
a major criterion to differentiate bacterial
growth. 80% of the isolates in true
bacteremia blood cultures (12/15) were
grown within the first 24 hours in
comparison to 98.2% of the isolates in the
contamination group which were grown
between 48 and 144 hours.
The prolonged stay in potential areas for
infection like the adult or neonatal ICUs
with prolonged use of intravascular
catheters predispose to blood stream
infection. This is documented in the present
study as 40% of the true bacteremia patients
had the infection while in the intensive care
areas five or more days after the initial
admission to the hospital (Nosocomial
infection) .
In spite of all these details, it is still difficult
to differentiate between true bacteremia and
contamination. It is shown in this study', as
well as others, the difficulty in ascertaining
the clinical significance of 10.3% of the blood
culture positive results. The author refers to
the need for advanced microbiology
techniques such as molecular techniques
and typing system for more detailed
information to detect true blood culture
pathogens in particular CONS1,3,10,16,18. It is
beyond the scope of this study to explain
these methods.
The incidence of true bacteremia in the
literature is reported to be 10% to 30%1,4,5,19.
Although the incidence of positive blood
cultures for CoNS is being increased due to
many factors, including the advances in
microbiology techniques, changes in
therapeutic modalities and patient
population with an increase in the use of
intravascular devices; the vast majority of
CoNS is still encountered as contaminants of
blood cultures'>,
This should be borne in mind and patients
with isolates of CoNS from blood cultures
should be carefully evaluated before starting
therapy to avoid unnecessary use of
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antibiotics, especially Vancomycin and the
consequent increase of antibiotic resistance
in hospitals.
There is a tendency for clinicians to overuse
antibiotics in patients with CoNS from
blood cultures-s. In this study, 93.5% of the
study patients with positive blood cultures
for CoNS were treated with multiple
antibiotics. Of the study patients with CoNS
contamination, 28.7% were unnecessarily
treated with Vancomycin. Other specific
CoNS antibiotics were used frequently and
unnecessary. For this reason, CoNS has
become resistant to many commonly used
antibiotics. The high level of bacterial
resistance to oxacillin in this study reflects
the inappropriate use of such treatment
modality. It also should be noted that no
resistance to Vancomycin has been
documented in this study.
The widespread distribution of
staphylococci over the body surface and
their relatively large population size make
specimen collection a real challenge. Unless
careful procedures are used to isolate
organisms from blood, it will remain a
difficult task to differentiate between real
pathogens and contaminating normal flora.
So specimen quality depends on how blood
was collected and how well does it reflect
the infectious disease problem. Hence comes
to the front point the need to train medical
personnel (health care workers).
There are numerous reasons why blood
cultures are contaminated so frequently. The
most important factor is the failure of the
health care worker (HCW) to use strict
aseptic technique when obtaining the blood
specimen. Studies have shown that trained
blood culture teams have fewer
contaminated blood cultures than other
HCWS2,3,21. A second factor is the antiseptic
agent itself; tincture of iodine and
chlorhexidine gluconate are more effective
at skin sterilization than povidone iodine
preparations-t,
Blood culture contamination cannot be
completely eliminated, but it is possible to
reduce contamination ratcs-", One step is to
use more efficacious antiseptic preparations.
Povidone iodine preparations require 1.5 to
2 minutes of contact time to produce
JT U Med Sc 2009; 4(2)
Abdulhadi Hassan AI-Mazroea
maximum antiseptic effect, whereas iodine
tincture and chlorhexidine gluconate only
require 30 seconds", Many HCWs who
obtain blood cultures are in a hurry, do not
understand the importance of antiseptic
contact time, and are unlikely to wait up to 2
minutes before obtaining blood for culture.
Although the evidence-base has limitations'',
the Clinical and Laboratory Standards
Institute, a consensus organization that
publishes guidelines based on best available
data24 recommends tincture of iodine,
chlorine peroxide, and chlorhexidine
gluconate over povidone-iodine and further
states that iodine tincture and chlorhexidine
gluconate are probably equivalent". The
recommended procedures are described in
the American Society of Microbiology"; In
this study, the recorded high rate of
contaminated blood cultures (4.7%) is due to
the HCWs (nurses) failure to obtain blood
cultures properly: the untrained nurses are
using either alcohol alone for few seconds or
povidone followed immediately by alcohol
for few seconds; an inappropriate method
which is not sufficient for proper skin
disinfection. So, two major factors are
responsible for the increased rate of blood
culture contamination in this study namely:
the HCWs as well as the technique and
antiseptic used.
Blood culture contamination in pediatric
population (infants and children) is another
challenging subject. Conclusions based on
studies of blood cultures obtained from
babies in NICUs have been quite different.
Current literature suggests that a neonate is
from 4 to 13 times as likely to be bacteremic
as an adult",
The high contamination rate in this group of
patients is due to the fact that single blood
cultures are mainly obtained (because of low
blood volume) where blood is usually
collected from existing intravenous catheters
instead of venipuncture so as to reduce
discomfort. In addition, the clinical
manifestations of illness tend to be non
specific. Since there is no standard for
distinguishing blood culture contamination
from bacteremia, it's very difficult to
determine precisely how many of the
positive blood cultures for CoNS in this
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population in our study represent true
bacteremia. Isolation of CoNS from a single
blood culture neither rules out
contamination nor provides a definite
diagnosis. In this situation comes the need
for quantitative blood culture estimation. In
our NICU, neonatologists tend to obtain
blood culture for all premature infants. It is
also possible that neonatologists are more
likely to believe positive blood cultures if
they are obtained from premature infants. In
the present study, the number of positive
blood cultures for CoNS in the young
population group (one day to 12 years old)
represents 43.2% (80/185). All premature
infants with positive blood cultures for
CoNS (24/24) received Vancomycin therapy
irrespective of the clinical manifestations
although only five of them had true
bacteremia, whereas in Pediatric age group
eight patients (8/56) with pseudobacteremia
received Vancomycin therapy.
Although this is not a comprehensive study
regarding the antibiotic misuse costs, the
author examined two elements which led to
excess cost in other studies--', namely:
duration of stay in the hospital as well as
antibiotics costs. Of all contaminated blood
cultures, 31.2% received Vancomycin and
92.9% received other multiple antibiotics
therapy. The total cost for such excessive
antibiotic therapy for patients with
contaminated blood cultures is estimated to
be 3210.2 Saudi Riyals (856$) per patient.
Recommendations
To reduce costs generated by contaminated
blood cultures, the author recommends the
following:
i. An attempt to reduce blood culture
contamination through strict
adherence to sterile venipuncture
techniques-",
ii. Utilizing trained health care workers
rather than using random nursing
personnel.
iii. Utilizing clinical significance
knowledge by clinicians especially
time to positivity.
iv. Introduction of molecular diagnostic
techniques to help distinguishing
between true bacteremia and
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contaminated blood cultures1,3,l O,16,18.
v. Because approximately half of all
positive blood cultures in most
institutions represent contamination,
laboratories should develop policies
and procedures to limit the evaluation
of likely contaminants. For example, if
only a single blood culture grows
CoNS, the likelihood of contamination
is high, and full identification of the
microorganism as well as
susceptibility testing should not be
done unless there is direct
communication between the physician
caring for the patient and the
laboratory directorv-'.
Conclusion
CoNS are the major microbial contaminant
of blood cultures. They constitute
approximately half of all blood cultures
(BCs). Blood culture contamination cannot
be entirely eliminated. The most important
factors in reducing BC contamination are:
strict adherence to the most effective sterile
venipuncture techniques by well trained
health care workers. Furthermore, utilizing
the clinical knowledge plus additional
research on the value of time to positivity
and quantity of growth for differentiating
culture contamination from bacteremia is
necessary. The identity of the organism
isolated can help in determining if the
culture is contaminated. Clinical prediction
rules for bacteremia should be performed at
a level that is accurate enough to influence
physician behavior and affect blood culture
utilization. Other additional advanced
microbiology techniques are necessary for
differentiating culture contamination from
bacteremia. In the pediatric area, additional
studies are clearly needed to help physicians
interpret the results of single blood cultures
that grow CoNS Blood culture
contamination is a complex, challenging
problem that requires a multidisciplinary
approach.
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